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0 P^ENT COOPERATION TREATS' 

From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Connnnissioner 

US Department of Connnnerce 
United States Patent and Tradennark 
Office, PCT 

2011 South Clark Place Roonn 
CP2/5C24 

Arlington, VA 22202 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 
29 January 2001 (29.01.01) 




International application No. 
PCT/G BOO/01 998 


Applicant's or agent's file reference 
XA1229 


International filing date (day/month/yea r) 
25 May 2000 (25.05.00) 


Priority date (day/month/year) 

05 June 1999 (05.06.99) 


Applicant 

TIGHE, David, John et al 



1. The designated Office is hereby notified of its election made: 

I X I in the dennand filed with the International Preliminary Examining Authority on: 

16 December 2000 (16.12.00) 



I I in a notice effecting later election filed with the International Bureau on: 



RECEIVED 

FEB 2 7 2001 

TO 3600 MAIL ROOM 



2. The election | X | 

□ 



was not 



made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 





Authorized officer 


The International Bureau of WlPO 


34, chemin des Colombettes 


Pascal Pirlou 


1211 Geneva 20, Switzerland 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 


Form PCT/IB/331 (July 1992) 
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PATENT COOPERATION TREATY 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATliDN-REROFft^^^/ 

(PCT Article 36 and Rule 70) 



Applicants or agent's file reference 
XA1229 


cryry o ®®® Notification of Transmittal of International 

FOR FURTHER ACTION Preliminary Examination Report (Fomn PCT/IPEA/416) 


International application No. 
PCT/GBOO/01998 


International filing date (day/month/year) Priority date (day/month/year) 
25/05/2000 ^ ( flP*®^ ri 


International Patent Classification (IPC) or national classification and IPC * * 

B64C17/10 IsJOV 0 B ^001 

Ts= — ^ GROUP 3600 — — 


BAE SYSTEMS PLC et al. 



1. This International preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 

2. This REPORT consists of a total of 5 sheets, including this cover sheet. 

□ This report is also accompanied by ANNEXES, I.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 



3. This report contains indications relating to the following items: 



Basis of the report 



II 


□ 


III 


□ 


IV 


□ 


V 


SI 


VI 


□ 


VII 


□ 


VIII 





Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations suporting such statement 



Certain observations on the international application 



Date of submission of the demand 
16/12/2000 



Date of completion of this report 
07.08.2001 




Name and mailing address of the intemational 
preliminary examining authority: 

European Patent Office 
pm D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 



Authorized officer 
Alfaro Martinez, J 

Telephone No. +49 89 2399 7337 



Form PCT/IPEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/G BOO/01 998 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7)): 
Description, pages: 

1 -6 as originally filed 

Claims, No.: 

1-8 as originally filed 

Drawings, sheets: 

1/1 as originally filed 



RECEIVED 

NOV 0 6 2001 

GROUP 3600 



2. With regard to the language, all the elennents marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 



Form PCT/IPEA/409 (Boxes l-Vtll, Sheet 1) (July 1998) 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT International application No. PCT/GBOO/01 998 



□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report,) 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-8 

No: Claims 

Inventive step (IS) Yes: Claims 1-8 

No: Claims 

Industrial applicability (lA) Yes: Claims 1-8 

No: Claims 



2. Citations and explanations 
see separate sheet 



Vlil. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 



Form PCT/IPEA/409 (Boxes l-VIII, Sheet 2) (July 1998) 



WRITTEN OPINION 
SEPARATE SHEET 



International application No. PCT/G BOO/0 1998 



Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step 
or industrial applicability; citations and explanations supporting such statement 

Reference is made to the following document: ^ 

D1 : US-A-5 321 945 (BELL DOUGLAS A) 21 June 1994 (1994-06-21) 



The document D1 is regarded as being the closest prior art to the subject-matter of 
claim 1 , and refers to a fuel transfer apparatus for an aircraft comprising: 
two or more fuel tanks arranged in an inboard to outboard alignment, at least one 
being situated in a wing of the aircraft, means for transferring fuel between the tanks, 
and a fuel management system for controlling and monitoring the transfer of fuel 
between tanks; wherein the fuel management system comprises means for receiving 
input signals. 

The subject-matter of claim 1 therefore differs from this known D1 in that it comprises: 
means for receiving a first input signal that the aircraft has left the 
ground, 

means for receiving a second input signal that the aircraft is approaching 
its destination, 

means for initiating the transfer of the fuel from a relatively inboard tank 
location to a relatively outboard tank location in response to the first input 
signal, and 

means for initiating the transfer of the fuel from a relatively outboard tank 
location to a relatively inboard tank location in response to the second 
input signal. 

The features of claim 1 allow actively controlling the distribution of the fuel between the 
available tanks during the whole of the ground-air ground cycle, thereby reducing the 
long term fatigue effect of the cyclic loading on the wings without the need to 
compensate by strengthening and reinforcing the wing structure with additional 
materials. 



Form PCT/Separate Sheet/408 (Sheet 1) (EPO-April 1997) 




WRITTEN OPINION 
SEPARATE SHEET 



International application No. PCT/GBOO/01 998 



Since the combination of features contained in the independent claim is neither known 
from nor rendered obvious by the cited prior art, the subject-matter of claim 1 , insofar 
as this claim can be understood (see Section VIII), meets the requirements of Article 33 
(2) and (3) PCT. 

Claims 2 to 8, dependent on claim 1 , insofar as they can be understood (see Sectiott^ 
VIM), thus also meet the requirements of Art. 33(2) and 33(3) of PCT. 

The industrial applicability of claims 1-8 is apparent and thereby satisfies Art. 33(4). 
Re Item VIII 

Certain observations on the International application 

The claimed entity in claim 1 is "a fuel transfer apparatus", and the statement "for an 
aircraft" appears to indicate a particular use for which the product is suitable, thus not 
being part of the subject-matter of claim 1 (Guidelines, PCT Section IV, Chapter III, 
4.8. a). However, further on this apparatus is defined by means of features of the 
aircraft ("...situated in a wing of the aircraft", "... input signal that the aircraft...", and 
implicitly "inboard to outboard alignment" ) to such an extent that it becomes unclear 
whether claim 1 is in fact directed only to the fuel transfer apparatus, or to the 
combination of an aircraft comprising a fuel transfer apparatus. Therefore, claim 1 is 
not clear (Article 6 PCT). 
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From the INTERNATIONAL SEARCHING AUTH 



To: 

BAE SYSTEMS Group IP Departemenf^V ' 
Attn. EDIS, R. \^ 

LanCaStcr hOUSc r.U. DOX 0/ 

Farnborough Aerospace Centre 
Farnborough, Hampshire GU14 6YU 
UNITED KINGDOM 


o j^j 

*' /^/MnTIFlPATinNI OF TRAN9MITTAI OF 

yf^UE INTERNATIONAL SEARCH REPORT 
'"^^ OR THE DECLARATION -A ■ 

l)^ \ 

(PCT Rule 44.1) 1/4. 1 ••/^^ 


Date of mailing 

(day/month/year) 04/09/2000 


Appticanf s or agents file reference 
XA1229 


FOR FURTHER ACTION See paragraphs 1 and 4 below 


International application No. 

PCT/GB 00/01998 


International filing date 
(day/month/year) 25/05/2000 


Applicant 

BAE SYSTEMS PLC et al . 



[x] The applicant is hereby notified that the International Search Report has been established and is transmitted herewith. 
Filing of amendments and statement under Article 19: 

The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 46): 

When? The time limit for filing such amendments is normally 2 months from the date of transmittal of the 
International Search Report however, for more details, see the notes on the accompanying sheet 



Where? Directiytothe 



International Bureau of WlPO 
34. chemtn des Colombettes 
1211 Geneva 20. Switzerland 
Fascimile No.: (41-22) 740.14.35 



For more detailed Instructions, see the notes on the accompanying sheet 

2. ( I The applicant is hereby notified that no International Search Report will be established and that the declaration under 
' — ' Article 1 7(2)(a) to that effect is transmitted herewith. 

3. With regard to the protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

□ the protest togettier witii the decision thereon has been transmitted to the International Bureau together with the 
applicant's request to forward the texts of both the protest and the decision thereon to ttie designated Offices. 

I I no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

4. Further action(8): The applicant is reminded of the following: 

Shortiy after 18 months from the priority date, the international application will be published by the International Bureau. 
If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the 
priority claim, must reach the International Bureau as provided in Rules SObisA and 90bis.3, respectively, befae the 
completion of the technical preparations for international publication. 

Witiiin 19 months from the priority date, a demand for international preliminary examination must be filed if ttie applicant 
wishes to postpone the entry into the national phase until 30 months from the priority date (in some Offices even later). 

Wittiin 20 months from the priority date, the applicant must perform the prescribed acts for entry into the national phase 
before all desigr\ated (Dffioes which have not been elected in the demand or in a later election within 19 months from the 
priority date or could not be elected because they are not bound by Chapter II. 





Name and mailing address of rsne International Searching Authority 
European Patent Office. P.B. 5818 Patentiaan 2 
Jm NL-2280 HV Rijswqk 
Wjl Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
ifiS^ Ffty • (4.11 -7n) 'iAn_'?ni fi 


Auttwrized officer 

Gabriele JQlich 



Form PCT/lSA/220 (July 1998) 



NOTES TO FORM PCT/ISA/220 



Th«a« Notftft m rnt«ndad to giv« th« buio inttructions conosming th« filing of amendments undtr «i1ide 19. The 
hk>tes are based on the requirwnents of the Patent Cooperation Treaty, the Regulations and the A*iinistrative Instniolions 
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicabie. For more 
detailed information, see also the PCT Applicant's Guide, a publieation of WIPO. 

In these Notes, •Article*. 'Rule', and "Section- refer to theprovistons of the PCT, the PCT Regulations and the PCT 
Administrative Instructions respectively. 



iNSTRUCT10r4S CONCERNING AMENDMENTS UNDER ARTICLE 19 



The applicant has, after having received the international search report, one opportunity to amend the claims of ttte 
international application. It should however be emphasized that, since all parts of the international application (claims, 
description and drawings) may be amendsd during the intemational prsltminary exanination procedure, there is usuaSy 
no need to file amendments of the claims urxler Article 19 exeept where, e.g. the ^plicant wants the latter to be published 
for the purposes of provisional protection or has another reason for amending ttte claims before intemational ptiulication. 
Furthennore, it should be emphasized that provisional protection is available in some Stales only. 



What parts of the Intematlonil application may be mended? 

Under Article 19, only the olaims may be amended 

During the international phase, the claims may also be amended (or further amended) under Article 34 before 
the Intemational Preliminary Examining Authority. The description and drawings may only be amended under 
Article 34 before the Intemational Examinir>g Authority. 

Upon entry into the national phase, all parts of the intemational application may be amended under Article 28 
or, where applicable, Article 41 . 



When? Within 2 months from the date of transmittal of the intemation^ search report or 1 6 months from ttie priority 

date, whichever time limrt expires later. It should be noted, however, that ttie amendments win be considered 
as having been received on time if ttiey are received by the Intemational Bureau after the expiration of the 
applicable time bmit bU before the con^letion of ttie technioal preparations for intemational putilication 
(Rule 46.1). 



Where r>ot to file the amendmenta? 

The amenc^nents may only be fled witti the Intemitionat Bureau and not with the receivOTg Office or the 
Intemational Searching Authority (Rule 46.2). 

Where a demand for intemational preOminary sxamination has laeen^s tiled, see below. 



How? Either by cancelKng one or more entirs datms, by adding one or mors new datrrts or by amendng the text of 

one or mors of the olaims as filed. 

A replacement sheet must be submitted for sach sheet of the claims which, on aooount of an amendment or 
amendments, differs from the sheet originally filed. 

All the claims appearing on a replacement sheet must be numbered in Arabic numerals. Where a daim is 
cancelled, no rsnumbering of the other claims is rsquired. In aH cases where daims ars rsnumbered, they must 
be renumbersd cortsecutively (Administrative Instructions, Sectmn 205(b)). 

The amendmenta must be made in the language In which the International appllcatton Is to be published. 



What documents must/may accompany tfw amendments? 
Letter (Section 205(b)): 

The amendmerts must bm submitted with a letter. 

The letter wiU not be published with the intemational application and ttie amended datms. It should not be 
confused with ttw •Statement under Article 1 9(1)" (see below, under 'Statement under Article ^^^)'). 

The letter must be In EngUsh or Franch, at the ohofoe of the applicant However, IT the language of the 
toitematlonal appfieatlon la EngUah, the letter must be In EngUah; H the tenguinio of the Interratlonal ^picstlon 
Is French, the letter must Im In Ffench. 
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NOTES TO FORM PCT/ISA/220 (continued) 



Ihm l«tt«r mutt indicato th« differanoM between the claims as filed and the daime as amended. It must, in 
particular, in<*cate, in connection with each claim appearing in the intemationaJ application (A being understood 
that Identical indicalione concerning several claims may be grouped).whethef 

(0 the claim is unchanged; 

09 the claim is cancelled; 

(Hi) the claim is new; 

(n) the claim replaoes one or more daims as filed; 

(v) theolaimistheresuttof the division of a claim as filed. < 



Ihm followlfig examples Illustrate the manner In which amendments must be expired In the 
acoompanylng letter 

1 [Where ohginaly there were 48 daims and alter amendment of some davns there are 51 ]: 

•Oeims llo 29. 31 , 32, 34, 35. 37 to 48 replaced by mended claims bearing the same numbefs; 
datms 30, 33 and 36 unchanged; new datms 49 to 51 added." 

2. [Where originally there were 1 5 datms and after smendment of all daims there are 11 ]: 
'Claimsl to 1 5 replaced by amended daims 1 toll." 

3. (Where originally there were 1 4 daims and the amendments consist in oanoelling some claims mtd in adding 
new datms]: 

*aaims 1 to 6 and 1 4 unchanged; daims 7 to 1 3 canceled; new daims 1 5, 16 and 17 added.* or 
•Oaims 7 to 13 cancelled; new daims 15, 16 and 17 added; al other claims unchanged* 

4. [Where various kinds of amendments are mads]: 

-aaims MO unchanged; daims 1 1 to 1 3 J 8 and 1 9 canceOed; claims 1 4, 1 5 and 1 6 replaced by mended 
dajm 1 4; daim 1 7 subdivided into amended daims 1 5, 1 6 and 1 7; new daims 20 and 21 added.* 



"Statement under article 19(1)" (Rule 46.4) 

The amendments may be accompanied by a statement explaining the amendments and indicating any impact 
that such amendments might have on the description and the drawings (which cannot be amended under 
Aftide 19(1)). 

The statement will be published with the international application and the amended daims. 
It must be In the language In which the tntamaUonat apppflcatlon Is to be puMlshad. 

It must be brief, not exceeding 500 words if in English or if translated into English. 

It should not be confused with and does not replaoe the letter indicating the dfferenoes between the daims 
as filed and as amended. It must be filed on a separate sheet and must be identified as suoh by s heedbig, 
preferat>ly by using the words 'Statement under Article 1 9(1 ).* 

tt may not contain any disparaging comments on the international search report or the relevance of citations 
contained in that report. Reference to citations, relevant to a given daim, contained in the intemationd search 
report may t>e made only in connection with an amendment of that daim. 



Consequence If a demand for tntemattonal prellmlrury examination has aliaady been AM 

II, at the time of filing any amendments under Article 1 9, a demand for intemational prdiminary examinaiion 
has already been submitted, the applicant must preferably, at the same time of fifing the amendments with the 
International Bureau, also file a copy of such amendments with the International Preliminary Examining 
Authority (see Rule 62.2(a), fint sentence). 



Consequence with regard to translation of the IntemaUonal application tor entry Into the nation^ phaae 

The applicant*s attention is drawn to the fact that, where upon entry into the national phase, a translation of the 
datms as amended under Article 19 may have to be furnished to the designatedMeeted Offioee, nstead of, or 
in addition to. the ta-anslation of the ddms as filed. 

For further details on the requirements of each designated^lected Office, see Volume II of the PCT Apf36c«Tt's 
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Intemationai Application No. 


REQUEST 


International Filing Date 


The undersigned requests that the present 
intemHtionsd application be processed 
according to the Pjoent Cooperation Treaty. 


Name of receiving OfiGce and "PCT International Application" 




Applicant's or agent's file reference 

(if desired) (12 characters maximum) XA1 229 


Box No. I TITLE OF INVENTION 
AIRCRAFT STRUCTURE FATIGUE ALLEVIATION 


Box No. n APPLICANT 

■ 1:* 


Name and address: (Fcanify name followed by given name; for a legal ^tity, fall official 
designation. The address must inchide postal code and name ofcotmtrv. The courtpf of the 
address indicated in this Box is the appticant 's State (that is, country) of residence ifno^^tate 
of residence is indicated below.) 

BAE SYSTEMS ptc 

WARWICK HOUSE, P O BOX 87 

FARNBOROUGH AEROSPACE CENTRE 

FARNBOROUGH 

HAMPSHIRE 

GU14 6YU, UNITED KINGDOM 


[ [ This person is also inventor. 
Telephone No. 

01252 384628 

Facsimile No. 

01252 383091 

Teleprinter No. 


State (that is, country) of nationality: 

GB 


State (that is, country) of residence. 
GB 


This person is applicant i 1 aU designated ^ ail designated States except 1 | the United States ( | the Stales indicated in 

for the piirposFS of- 1 1 States ^ the United States of America | 1 of .America only | | the Supplemental Box 


Box No. m FURTHER APPLICANT(S) AND/OR (FURTHER) n>fVENTOR(S) 


Name and address: (Famih name followed by given name; for a legal ^tity, Jull official 
designation. The address mitst include postal code and name of country. The countiy of the 
adSess indicated in this Box is the applicant 's State (that is, country) of residence ifno6tate 
of residence is indicated below.) 

TIGHE, David John 
6 Rushmoor Lane 
Backwell 
Bristol, Avon 

BS48 3BN, United Kingdom 


This person is: 
, 1 I applicant only 

1)^ I applicant and inventor 

1 I inventor only (If this check-box 
' * is marked, do not fill in below.) 


State (that is, country) of nationality: 
GB 


State (that is, country) of residence: 

GB 


This person is applicant 1 1 all designated | j ail designated States except f*^ the United States j | the States indicated in 

for the purposes of: 1 1 States 1 I the United States of America of America only 1 1 the Supplemental Box 


X 1 Further applicants and/or (further) inventors are indicated on a continuation sheet. 


Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 


The person identified below is hereby/has been appointed to act on bchaii ^gcni 1 1 common representative 
of the applicant(s) before the competent International Authorities as: LiU I 1 


Name and address: (Family namefollowed by given name; for a legal entity, Jull official 
designation. The address must include postal code and name oj country.) 

EDIS, Ronald Malcolm 

BAE SYSTEMS 

GROUP IP DEPARTMENT 

LANCASTER HOUSE, P O BOX 87 

FARNBOROUGH AEROSPACE CENTRE 

FARNBOROUGH, HAMPSHIRE, GU14 6YU, United Kingdom 


Telephone No. 

01252 383430 

Facsimile No. 

01252 383091 

Teleprinter No. 


1 1 Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the 

1 1 space above is used instead to indicate a special address to which correspondence should be sent. 



Form PCT/RO/10 1 (first sheet) (July 1998; reprint January 2000) See Notes to the request form 



Sheet No. 



CoorinuatioD of Box 



RTHER APPLICANT(S) AND/OR ( 



TOR(S) 



If none of the following sub-boxes is used, this sheet should not be included in the request 



Name and address: (Famify name followed by given name: for a legal entity, full official 
designadaru The address myst include postal code and name of coiaitry. The country of the 
adfS^ess indicated in this Box is the applicant 's State (that is, countrv) of residence if no State 

135 Wheatfield Drive 
Bradley Stoke 
Bristol, Avon 

BS32 9DB, United Kingdom 



This person is: 

I I applicant only 

|X I applicant and inventor 

I I inventor only (If this check-box 
is marked^ do not fill in below.) 



State (that is, country) of nationality: 
GB 



State (that is, country) of residence: 
GB 



This person is applicant 
for the purposes of: 



□ ail designated 



States 



□ ail designated States except 
the United States of America 



the United States 
of America only 



□ the States indicated in 
the Supplemental Box 



Name and address: (Famify name followed by given name; for a legal entity, fiiU official 
designation. The address must incmde postarcode and name of coimtry. The country of the 
ad^ess indicated in this Box is the applicant 's State (that is, country) of residence if no State 
of residence is indicated below.) 



This person is: 

I I applicant only 

I I applicant and inventor 

I I inventor only (If this check-box 
is marked, do not fill in below.) 



State (that is, country) of nationality: 



This person is applicant | 1 aii des 

for the purposes of: I I States 



State (that is, coimtry) of residence: 



□ aii designated States except 
the United States of Amenca 



□ the United States 
of America only 



□ the States indicated in 
the Supplemental Box 



Name and address: (Famify name followed by given name: for a legal entity, full official 
designation. The address must include postal code and name of country. The country of the 
ad^ess indicated in this Box is the applicant 's State (that is, country) of residence if no State 
of residence is indicated below.) 



This person is: 

I I applicant only 

I I applicant and inventor 

I I inventor only (If this check-box 
' ' is marked, do not fill in below.) 



State (that is, country) of nationality: 



State (that is, country) of residence: 



This person is applicant 
for the purposes of: 



all designated 



States 



nail designated States except 
the United States of America 



□ the United States 
of America only 



□ the States indicated in 
the Supplemental Box 



Name and address: (Famify name followed by given name: for a legal entity, fiill official 
designation. The address must incmde postal code and name of country. The country of the 
address indicated in thisBoxistheappncant's State (that is, coimtry) of residence if no State 
of residence is indicated below.) 


This person is: 

1 1 applicant only 

1 1 applicant and inventor 

1 1 inventor only (If this check-box 
is marked, do not fill in below.) 


State (that is, counny) of nationality: 


State (that is, country) of residence: 



This person is applicant r~*l all designated | | all designated States except 
" ' ' I I States I I the United States of America 



for the purposes oi: 



the United States | | the States indicated in 
America only I I the Supplemental Box 



I I Further applicants and/or (further) inventors are indicated on another continuation sheet. 
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See Notes lo the request form 



Sheet No. 3. 



Box No.V DESIGt^B^^^F STATES 



The following designations arc hereby made under Rule 4.9(a) (mark the applicabiKheck-boxes; at least one must be marked): 
Regional Patent 

EI AP ARIPO Patent: GH Ghana, GM Gambia, KE Kenya, LS Lesotho, MW Malawi, SD Sudan, SL Sierra Lconc, SZ Swaziland, 
TZ United Republic of Tanzania, UG Uganda, ZW Zimbabwe, and any other State which is a Contracting State of the Harare 
Protocol and of the PCT 
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AIRCRAFT STRUCTURE FATIGUE ALLEVIATION 



This invention relates to fatigue alleviation in aircraft during all phases of 
the ground-air-ground cycle (GAG). 

Due to an increased demand for international air travel and in air traffic 
generally, there is a recognised need to increase the size and efficiency of both 
passenger and transporter aircraft. Custonners also desire the capability to fly 
long distances at economical cost. As well as the physical size of the aircraft 
itself, the engineer has to consider the additional passenger and/or cargo 
weight to be carried by the craft and the quantity of fuel necessary to take the 
loaded craft safely to its destination. 

A limiting factor in the design of such aircraft is the strength of the 
materials used, including those of the wing. For all commercial aircraft there are 
two fundamental design drivers which have to be met. Firstly there are the 
ultimate load cases; a once-only application of extremely high loading applied 
during abnormal conditions. There are a large number of these possible 
conditions and the aircraft is designed to withstand any which are foreseeable 
and then continue in safe flight and land safely. The aircraft may then be 
scrapped or require major repair. Secondly during all stages of the ground-air- 
ground (GAG) cycle, the wing is subjected cyclic loading conditions which 
cumulatively, overtime, lead to the formation and then propagation of micro 
cracks and may ultimately appear as detectable cracks which require repair or 
maintenance to the aircraft. During cruise, the wings support the weight of the 
aircraft and bend upwards, whilst on the ground the wings are supported by the 
landing gear and possibly fuselage and thus bend downwards. The wings have 
to be designed to tolerate the damage caused by this cyclic loading to ensure 
structural integrity for the life of the aircraft. Today's technology allows accurate 
analysis of the large number of load cases that constitute the ultimate 
conditions; this allows the conservatisms of yesterdays designs to be reduced, 
leading to more economic aircraft to operate. The effect of this is that modern 
aircraft are increasingly defined by the cyclic loading conditions so it is 
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evermore important to find ways to reduce the loading due to the GAG cycle. 
One approach is to find new ways of using the fuel weight to greater benefit. 

Typically large aircraft are equipped with a number of fuel tanks 
positioned in their wings, the fuselage and tail area. Engine feed tanks are 
positioned near to the engines ensure a continuous supply of fuel to those 
engines, other tanks acts as reserves, storing fuel for transfer to the feed tanks 
as the feed tank supplies are burned. During flight, as the engine feed tanks 
begin to empty, a control system detects the reduction in fuel level and, once a 
predetermined level is recorded, causes fuel from the reserve tanks to be 
transferred to the feed tanks so that there is no interruption in the fuel supply to 
the engines. 

The tankage is the total fuel capacity of the aircraft that is required for the 
aircraft to achieve its maximum payload range. However a typical flight is much 
shorter than the maximum so the available fuel tanks are not all filled. This 
allows a degree of flexibility regarding the positioning of fuel during the flight. 

Conventionally, prior to take off, the outermost wing tank is full in 
anticipation of providing maximum wing bending relief once the aircraft has 
lifted-off. Unfortunately this also maximises damage to the wing during pre-flight 
taxiing and the take-off run. This invention seeks to alleviate this problem. 

The present invention seeks to alleviate these problems and provide 
improved fatigue alleviation during the GAG cycle. 

In accordance with the present invention there is provided a fuel transfer 
apparatus for an aircraft comprising: 

two or more fuel tanks arranged in an inboard to outboard alignment, at 
least one being situated in the wing of the aircraft, 

means for transferring fuel between the tanks, and 

a fuel management system for controlling and monitoring the transfer of 
fuel between tanks 

wherein the fuel management system comprises; 
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means for receiving a first input signal that the aircraft has left the 
ground. 



means for receiving a second input signal that the aircraft is approaching 
its destination, 

means for initiating the transfer of the fuel from a relatively inboard tank 
location to a relatively outboard tank location in response to the first input 
signal, and 

means for initiating the transfer of the fuel from the relatively outboard 
tank location to a relatively inboard tank location in response to the 
second input signal. 

This invention takes advantage of the fact that the aircraft is rarely fuelled 
for its maximum range to reduce the loading on the wing and centre section and 
hence their structure weight during the GAG cycle. 

For a typical flight (which is likely to be only half the maximum range) the 
wing tanks will be filled from the root. This minimises wing damage during 
taxiing and the take-off run. Immediately the aircraft is airborne fuel will be then 
pumped outboard in the wing until it is as far outboard as possible leaving just 
the minimum fuel in the engine feed tanks. These feed tanks are continuously 
replenished during flight. As with current aircraft the outermost wing tanks will 
be emptied during descent, such that on landing these tanks are empty. 

The optimum position for the fuel centre of gravity in an aircraft varies 
during the GAG cycle. During cruise, it is desirable to have the fuel centre of 
gravity as far outboard as possible to maximise wing bending relief for upward 
bending. At take-off and landing it is beneficial to have the fuel centre of gravity 
as far inboard as possible to minimise wing downward bending. Commonly, 
long range aircraft are operated below their maximum range capacity and 
therefore do not require all fuel tanks to be full at take off. This invention uses 
this fact to the advantage of the aircraft operator to minimise the effects of 
dynamic, cyclic loading caused by repeated GAG operation, consequently 
minimising downtime and maintenance costs and thus providing for more 
economical operation of the aircraft over a period of time. 
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By actively controlling the distribution of the fuel between the available 
tanks during the whole of the GAG cycle, the long term fatigue effect of the 
cyclic loading on the wings can be significantly reduced without the need to 
compensate by strengthening and reinforcing the wing structure with additional 
materials. 

Benefits of this apparatus are particularty apparent in large, long range 
aircraft where wing structure weight savings of up to a tonne can be achieved 
providing a take-off weight saving of up to 2 tonnes per aircraft. It can be 
appreciated that by incorporating this apparatus, significant cost savings can be 
made both in manufacturing and operating costs for such aircraft. 

In addition, less fuel may be needed for a given flight distance, reducing 
environmental pollution caused by bi-products of spent fuel. 

Desirably the fuel management system is computerised and comprises a 
computer algorithm designed to respond to the various input signals and initiate 
the fuel transfer in the desired sequence. Optionally the computer algorithm can 
be specific to a particular flight path. A fuel management system may comprise 
a computer program which provides the flight crew with optional fuel 
management algorithms based on factors such as the flight path to be taken, 
the number of passengers and/or quantity of cargo to be carried, the overall 
quantity of fuel taken on board prior to departure, weather conditions, etc. 

Conveniently, as means for responding to the first signal, the fuel 
management system can be programmed to respond to the signal 
conventionally sent to the flight control system of an aircraft when the gear 
wheels have left the ground to initiate retraction. 

The fuel management system can be further programmed to respond to 
a second input signal that the aircraft has descended to a certain altitude on its 
approach to land. Altematively a signal may be relayed between the flight 
control program and the fuel management system when a certain point on a 
pre-programmed flight path has been reached. 
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Desirably. the fuel management system will have manual override facility 
to enable flight crew to adapt to unforeseen circumstances. 

Optionally during flight, the fuel management system may be 
programmed to transfer fuel between tanks in response to various stimuli, for 
instance a signal may be transmitted to the fuel management system to indicate 
increased or decreased activity of individual engines. As an additional safety 
feature, the fuel management system could be made to respond to detection of 
a leak in a particular tank, or unfavourable ambient conditions such as extremes 
of temperature which may affect the fuels properties. 

The invention is further described, by way of example only, with 
reference to the drawing which illustrates a sample fuel tank layout for a large, 
long range passenger aircraft. 

The drawing shows the distribution of tanks between the fuselage and 
one wing of an aircraft, the reader will appreciate that the principle can be 
extended to the second wing of the aircraft and that more or fewer tanks may be 
used, taking account of the size and fuel requirements of the aircraft in 
question. The wing (1) comprises 4 fuel tanks, an inner engine feed tank (2), an 
inner transfer tank (3), an outer engine feed tank (4) and an outer transfer tank 
(5). A further fuel tank, the centre tank (6) is located in the fuselage (7). Each of 
the tanks is connected to a fuel line (8) in which, between it and each tank, is 
located a two way valve (9). The fuel management system not shown co- 
ordinates the following fuel transfer operation during the GAG cycle. 

Prior to taxi and in the run up to take off, each of the engine feed tanks 
(2. 4) retains a minimum safe level of fuel sufficient to operate the engines (not 
shown). Depending on the volume of fuel carried, the remaining fuel is pumped 
by the fuel management system into the centre tank (6) until this tank reaches 
its maximum capacity, remaining fuel is pumped to the inner feed tank (2) if that 
becomes full, the remainder is then pumped into the inner transfer tank (3) until 
that is full, and so on. Thus the fuel centre of gravity is retained as far inboard of 
the aircraft as possible. 
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On take-off, the wheels of the aircraft are retracted into the body of the 
plane. As the wheel retraction process begins, a signal is sent to the fuel 
management system which then initiates transfer of fuel between the tanks as 



Again a minimum safe level of fuel sufficient to operate the engines is 
retained in the engine feed tanks (2. 4). Fuel from the most inboard tanks (6, 2, 
3) is carried through the fuel line (9) and transferred to the outer transfer tank 
(5) until it reaches its maximum capacity. Remaining fuel is transferred to the 
outer engine feed tank (4) until that tank reaches its maximum capacity. Any 
further remaining fuel is transferred or retained in the inner feed tank (2) and so 
on. Thus the fuel centre of gravity is repositioned to be as far outboard of the 
plane as possible. 

During the flight, the fuel management system continuously feeds the 
engine feed tanks from the most inboard source to maintain a relatively 
outboard position of the fuel centre of gravity. As the aircraft approaches its 
destination and begins its descent towards the landing field, a signal is sent to 
the fuel management system which initiates a re-transfer of the remaining fuel 
back towards the centre tank (6) in the fuselage and the inner most wing tanks 



The skilled reader will appreciate that it is not essential that any fuel be 
carried in or transferred to the fuselage or tail area of an aircraft and that the 
invention can be effectively applied to aircraft where all fuel storage is provided 
along the length of the wings. 



follows: 



(2, 3). 
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CLAIMS 



1 . A fuel transfer apparatus for an aircraft comprising: 

two or more fuel tanks (2.3,4,5.6) arranged in an inboard to outboard 
alignment, at least one being situated in a wing (1) of the aircraft. 

means for transferring fuel between the tanks (8. 9), and 

a fuel management system (10) for controlling and monitoring the 
transfer of fuel between tanks 

wherein the fuel management system comprises; 

means for receiving a first input signal that the aircraft has left the 
ground, 

means for receiving a second input signal that the aircraft is approaching 
its destination, 

means for initiating the transfer of the fuel from a relatively inboard tank 
location to a relatively outboard tank location in response to the first input 
signal, and 

means for initiating the transfer of the fuel from a relatively outboard tank 
location to a relatively inboard tank location in response to the second 
input signal. 

2. A fuel transfer apparatus as claimed in claim 1 wherein the fuel 
management system (10) is computerised and comprises a computer 
algorithm designed to respond to the various input signals and initiate the 
fuel transfer in the desired sequence. 

3. A fuel transfer apparatus as claimed in claim 2 wherein the computer 
algorithm is specific to a pre-programmed flight path for the aircraft. 

4. A fuel transfer apparatus as claimed in any preceding claim wherein the fuel 
management system (10) is programmed to respond to a first signal sent to 
the flight control system of the aircraft when the gear wheels have left the 
ground. 
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5. A fuel transfer apparatus as claimed in any preceding claim wherein the fuel 
management system (10) is programmed to respond to a second input 
signal that the aircraft has descended to a certain altitude on its approach to 
land. 

6. A fuel transfer apparatus as claimed in any of claims 1 to 4 wherein a 
second input signal is relayed between the flight control program and the 
fuel management system (10) when a certain point on a pre-programmed 
flight path has been reached, 

7. A fuel transfer apparatus as claimed in any preceding claim wherein the fuel 
management system (10) will have manual override facility to enable flight 
crew to adapt to unforeseen circumstances. 

8. An aircraft comprising a fuel transfer apparatus as claimed in any one of the 
preceding claims. 



SUBSTITUTE SHEET (RULE 26) 



E^^TERN 



AL SEARCH REPORT 



Interi ..onat Application No 

PCT/GB 00/01998 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 B64C17/10 



According to International Patent Classiftcation (IPC) or to both national dassificaticyi and IPC 



B. FIELDS SEARCHED 



Minimum aocumentation searched (classification system toUowed by classification symbols) 

IPC 7 B64C B64D 



Documentation searched other than minimum aocumentation to the extent that such documents are included in the fields searched 



Electronic data base consulted dunng the international search (name of data base and, where practical, search terms used) 

EPO-Internal . WPI Data, PAJ, INSPEC, COMPENDEX 



C. DOCUMErJTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to daim No. 



us 5 321 945 
21 June 1994 
abstract 
figure 2 
column 1, line 
column 1, line 
column 2, line 
column 4, line 



A (BELL DOUGLAS A) 
(1994-06-21) 



1-8 



8 - 
54 - 
26 - 
36 - 



line 33 
1 i ne 59 
line 65 
line 59 



US 5 890 675 A ( MARTI NAGE 
6 April 1999 (1999-04-06) 
abstract 
figure 6 
column 2, line 
column 2, line 
column 7, line 



THIERRY ET AL) 



1,8 



7 - line 20 
64 -column 3, 
17 - line 30 



1 ine 4 



□ 



Further documents are listed in the continuation of box C. 



10 



Patent family members are listed in annex. 



" Special categones of cited documents : 

'A' document defining the general state o# the art which is not 

considered to be of particular relevarx;e 
'E* earlier document but published on or after the intemational 

filing date 

'L' document which may throw doubts on pnonty claim{s} or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

'P' document published prior to the Intemational filing date but 
later than the priority date daimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance: the claimed invention 
cannot be cor^idereo noveA or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when tiie 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&' document member o* the same patent family 



Date of the actual completion of the intemational search 

28 August 2000 



Date of mailing oi the international search report 



04/09/2000 



Name and mailing address of the ISA 

European Patent Office. P.8. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax; (+31-70) 340-3016 



Authorized officer 



Calvo de No, R 



Form PCT/ISA^iO (second sheet) (July 1992) 



INTERN 



AL SEARCH REPORT 




Information on patent family members 



lnten..wOnal Application Ho 

PCT/GB 00/01998 



Patent document 
cited in search report 



Publication 
date 



Patent family 
memt)er(s) 



Publication 
date 



US 5321945 



US 5890675 



21-06-1994 
06-04-1999 



NONE 

FR 2747364 A 



17-10-1997 



RECEIVED 

FEBOlZOOl 

TO360OWlMLeM;Ml 



Forni PCT/lSA/210 (patent tarnity annext (JUy 1 992) 



